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Purpose: The purpose of this study was to investigate the prog- 
nostic impact of pretreatment neutrophil to lymphocyte ratio 
(NLR) on breast cancer in view of disease-specific survival and 
the intrinsic subtype. Methods: We retrospectively studied patients 
diagnosed with primary breast cancer that had completed all 
phases of primary treatment from 2000 to 201 0. The association 
between pretreatment NLR and disease-specific survival was 
analyzed. Results: A total of 442 patients were eligible for analysis. 
Patients with higher NLR (2.5 <NLR) showed significantly lower 
disease-specific survival rate than those with lower NLR (NLR 
<2.5). Higher NLR along with negative estrogen receptor status 
and positive nodal status were independently correlated with 



poor prognosis, with hazard ratio 4.08 (95% confidence interval 
[CI], 1.62-10.28), 9.93 (95% CI, 3.51-28.13), and 11.23 (95% CI, 
3.34-37.83), respectively. Luminal A subtype was the only intrin- 
sic subtype in which higher NLR patients showed significantly 
poor prognosis (87.7% vs. 96.7%, p= 0.009). Conclusion: Patients 
with an elevated pretreatment NLR showed poorer disease- 
specific survival than patients without elevated NLR, most evi- 
dent in the luminal A subtype. Further validation and a feasibility 
study are required before it can be considered for clinical use. 
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INTRODUCTION 

Human breast cancers are diverse in their natural history 
and responsiveness to treatments [1]. While lymph node 
status is considered the most important prognosis marker, the 
behavior of breast cancer shows markedly different clinical 
outcomes among patients with the same lymph node status 
[2,3]. 

Several models including Oncotype DX* (Genomic Health 
Inc., Redwood City, USA) and MammaPrint" (Agendia BV, 
Amsterdam, The Netherlands) have been introduced recently, 
which are applied to the subgroup stratified by stage or hor- 
monal receptor status. However the controversy remains on 
economic issue, as the Korean national insurance does not 
support these program as the routine evaluation for early 
breast cancer. Despite the assertions that the models have 
been ordered frequently and has improved clinical decision 
making, little is known on its adoption or impact on clinical 
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practice [4] . These findings support the need for indicators 
that are not only accurate, standardized and reproducible but 
also cheap and easy to perform. 

It has been reported that tumors are linked with systemic 
inflammation [5,6] . The combined index, using neutrophil 
and lymphocyte counts in the form of a neutrophil to lym- 
phocyte ratio (NLR), has been used as a cost-effective and 
simple parameter of systemic inflammation or stress. The 
combined index may also be related to prognosis in many 
types of cancer, including gastrointestinal tract malignancies 
[7], hepatocellular carcinoma [8], pancreatic cancer [9], non- 
small cell lung cancer [10], and cervical cancer [11]. 

The purpose of this study was to investigate the prognostic 
impact of the pretreatment NLR in breast cancer, in view of 
disease-specific survival and also the prognostic impact of 
pretreatment NLR in the breast cancer stratified by the intrin- 
sic subtype. 

METHODS 

Patients 

We retrospectively identified patients who were diagnosed 
with primary breast cancer and completed all phases of their 
primary treatment for breast cancer at the Wonju Severance 
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Christian Hospital from 2000 to 2010 with Institutional Review 
Board approval (2011-77). 

Medical records were reviewed to find data on patient's 
medical history, age, sex, pathologic results such as tumor size, 
lymph node status (number of positive lymph nodes and all 
lymph nodes if axillary lymph nodes were dissected), hormonal 
status, human epidermal growth factor receptor 2 (HER2) 
receptor status, and laboratory data. 

Patients with ductal carcinoma in situ with or without micro- 
invasion and patients with lack of information on pathologic 
or laboratory results were excluded We also excluded patients 
with stage IV breast cancer or inflammatory breast cancer, 
patients who were diagnosed preoperatively with systemic 
inflammatory or chronic disease such as Systemic Lupus Eryth- 
ematosus (SLE), liver cirrhosis, end-stage renal disease, and 
patients with pregnancy- related breast cancer. 

For the mortality data, we used survival information of 
patients from the database of the Wonju Severance Christian 
Hospital and the Korean National Cancer Center. For the 
breast cancer specific mortality we included patients deceased 
from breast cancer and excluded patients who deceased from 
diseases other than breast cancer. 

Pathological characteristics 

Estrogen receptor (ER) and progesterone receptor (PR) 
status were assessed by immunohistochemistry. HER2 status 
was assessed by immunohistochemistry or fluorescent in situ 
hybridization (FISH). It was considered positive in the follow- 
ing: if the score was 3 with immunohistochemistry; or at least 
2.2 times more HER2 signals than CEP 17 signals in the tumor 
cells was considered as the criterion for HER2 amplification 
with FISH. 

Intrinsic breast cancer subtypes were determined according 
to the following criteria: luminal A subtype, ER positive and/ 
or PR positive and HER2 negative; luminal B subtype, ER 
positive and/or PR positive and HER2 positive; HER2 enriched 
subtype, ER and PR negative with positive HER2; triple nega- 
tive tumors, ER negative, PR negative and HER2 negative. 

Laboratory data 

NLR taken as a baseline sample immediately after breast 
cancer diagnosis was confirmed and before the initiation of 
any treatment modality (pretreatment NLR). NLR is calculated 
as neutrophil count divided by lymphocyte count. The cutoff 
value of 2.5 was decided as the maximum (sensitivity+specifl- 
city) point according to receiver operating characteristics curve. 

Statistical analysis 

Frequency distributions between categorical variables among 



the groups were compared using the chi-square test. The Fishers 
exact test was used if the expected frequency was < 5. The dis- 
ease-specific survival curves were calculated according to the 
Kaplan-Meier method with the log-rank test. The Cox propor- 
tional hazards model was used for the multivariable analyses. 
Statistical analyses were performed by SPSS software version 
18.0 (SPSS Inc., Chicago, USA). A p-value < 0.05 was considered 
statistically significant. 

RESULTS 

Patients demographics, tumor characteristics 

We identified 502 patients who were diagnosed and com- 
pleted the treatment of breast cancer; and 442 patients were 
eligible for analysis. The reasons for the excluded patients are 
summarized in Figure 1. The baseline characteristics of the 
study subjects are summarized in Table 1 . 

Pattern of NLR distribution and disease-specific survival by 
NLR status 

The median value of NLR was 1.85 (range, 0.63-7.79). In 
total 442 patients, 327 patients had NLR less than 2.5, and 1 15 
patients had NLR equal to or higher than 2.5. Patients with 
NLR equal to or higher than 2.5 showed significantly lower 
5-year and 10-year disease-specific survival rate than patients 
with NLR lower than 2.5 (5-year survival, 88.6% vs. 96.4%; 



502 Invasive breast cancer patients who received surgery at 
Wonju Severance Christian Hospital 
(2000-2010) 



16 Stage IV 



3 Systemic disease 



31 Lack of resources 



8 Non-cancer related deaths 



2 Pregnancy related 



442 



382 HG status known 



363 HR, HER2 status known 



Figure 1 . Enrollment and outcomes. We identified 502 patients who 
were diagnosed and completed the treatment of breast cancer; and 
442 patients were eligible for analysis. 

HG = histologic grade; HR=hormonal receptor; HER2 = human epider- 
mal growth factor receptor 2. 
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Table 1 . Patients' characteristics (n = 442) 
Characteristic 



No. (%) 



Age (yr), Mean±SD 
Age (yr) 
<35 

35<,<50 
50 < 

Histology 
Ductal 
Lobular 
Others 

Tumor size (cm)* 
T stage 

T1 

T2 

T3 

N stage 

NO 

N1 

N2 

N3 
HG 

I 



Unknown 
ER 

Negative 
Positive 
PR 

Negative 
Positive 
HER2 
Negative 
Positive 

Molecular subtype (n=363) 

Luminal A 

Luminal B 

HER2 enriched 

Triple negative 
Recur 

Yes 

No 

Death 
Yes 
No 

Follow-up time (yr) 
Median 
Mean 
Range 



50.0+11.4 

37 (8.4) 
226(51.1) 
179(40.5) 

403 (91 .2) 

10(2.3) 

29 (6.5) 
2.73 + 1 .78 

190(43.0) 
221 (50.0) 
31 (7.0) 

282 (63.8) 
95 (21 .5) 
34 (7.7) 

31 (7.0) 

97 (21 .9) 
176(39.8) 
109(24.7) 

60 (13.6) 

107(29.5) 
256 (70.5) 

1 1 1 (30.6) 
252 (69.4) 

258(71.1) 
105(28.9) 

177(48.7) 
69(19.0) 
36 (10.0) 
81 (22.3) 

59 (13.3) 
383 (86.7) 

32 (7.2) 
410(92.8) 

5.9 
6.1 

0.6-12.1 



HG = histologic grade; ER= estrogen receptor; PR = progesterone receptor; 
HER2 = human epidermal growth factor receptor 2. 

10-year survival, 84.3% vs. 92.2%; p = 0.009) (Figure 2). 

The patients with NLR equal to or higher than 2.5 were 
associated with increased T stage, younger age, positive HER2 
status, and higher disease-specific mortality (Table 2). The 
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Log-rank p=0.009 
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Figure 2. Disease-specific survival curves stratified by neutrophil to lym- 
phocyte ratio (NLR). Kaplan-Meier estimates for disease-specific sur- 
vival stratified by NLR. 

Table 2. Baseline characteristics by NLR 





No. of 
patients 


NLR 




Characteristic 


<2.5(n=327) 


>2.5 (n = 1 15) 


p-value 




No. (%) 


No. (%) 




Age (yr)* 


442 


51 .0 + 11 .3 


47.3 + 11.1 


0.001 


T stage 


442 






0.011 


T1 




145(44.3) 


45 (39.2) 




T2 




166(50.8) 


55 (47.8) 




T3 




16(4.9) 


15(13.0) 




N stage 


442 






0.151 


NO 




214(65.4) 


68 (59.2) 




N1 




66 (20.2) 


29 (25.2) 




N2 




28 (8.6) 


6(5.2) 




N3 




19(5.8) 


12(10.4) 




Histology 


442 






0.130 


Ductal 




303 (92.7) 


100(87.0) 




Lobular 




7(2.1) 


3 (2.6) 




Others 




17(5.2) 


12(10.4) 




HG 
1 


382 


70 (24.7) 


27 (27.3) 


0.813 


2 




133(47.0) 


43 (43.4) 




3 




80 (28.3) 


29 (29.3) 




ER(+) 


363 


68.7 


75.5 


0.205 


PR(+) 


363 


67.5 


74.5 


0.202 


HER2 (+) 


363 


50.2 


63.3 


0.027 


Molecular subtype 


363 






0.505 


Luminal A 




134(50.6) 


43 (43.9) 




Luminal B 




46 (17.4) 


23 (23.5) 




HER2 enriched 




25 (9.4) 


11 (11.2) 




Triple negative 




60 (22.6) 


21 (21 .4) 




Recur 


59 


43 (13.1) 


16(13.9) 


0.836 


Death 


32 


17(5.2) 


15(13.0) 


0.005 



NLR = neutrophil to lymphocyte ratio; HG= histologic grade; ER= estrogen re- 
ceptor; PR = progesterone receptor; HER2= human epidermal growth factor 
receptor 2. 
*Mean±SD. 
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Table 3. Cox proportional multivariate hazard model for disease-specific 
mortality 



Variable 



Node status 
Node negative* 
Node positive 

ER 

Negative 

Positive* 
NLR 

<2.5* 

>2.5 
Age (yr) 

<35* 

>35, <50 

>50 



HR (95% CI) 



1.0 

11.23(3.34-37.83) 

9.93(3.51-28.13) 
1.0 

1.0 

4.08 (1.62-10.28) 
1.0 

1.63(0.21-12.88) 
4.77 (0.59-38.67) 



p-value 



< 0.001 



< 0.001 



0.003 



0.644 
0.144 



HR=hazard ratio; CI=confidence interval; ER=estrogen receptor; NLR=neu- 

trophil to lymphocyte ratio. 

•Reference. 
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0.0 
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- 2.5 < NLR censored 



Log-rank p=0.009 
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Figure 3. Disease-specific survival curves stratified by neutrophil to lym- 
phocyte ratio (NLR) of luminal A subtype. Kaplan-Meier estimates for 
disease-specific survival stratified by NLR of luminal A subtype. 



Cox proportional multivariate hazard model for disease-specific 
mortality revealed that higher NLR along with negative ER 
status and positive nodal status were independently correlated 
with poor prognosis, with hazard ratio 4.08 (95% confidence 
interval [CI], 1.62-10.28), 9.93 (95% CI, 3.51-28.13), and 11.23 
(95% CI, 3.34-37.83), respectively (Table 3). 

Disease-specific survival stratified by intrinsic subtype 
according to NLR 

Luminal A subtype was the only intrinsic subtype in which 
NLR equal to or higher than 2.5 showed significantly lower 
5-year survival rate than NLR lower than 2.5 (87.7% vs. 96.7%, 
p = 0.009) (Figure 3). There was no significant survival differ- 
ence according to NLR in other subtypes such as luminal B 
(95.0% vs. 97.7%, p = 0.838), HER2 enriched (70. 1% vs. 95.8%, 
p = 0.076), and triple-negative (90.5% vs. 92.9%, p = 0.769). 

DISCUSSION 

In this study, we found that elevated NLR at initial clinical 
presentation of breast cancer was an independent factor for 
poor survival rate in breast cancer patients. This finding is 
consistent with previous reports for several other cancer as 
well breast cancer [7-12]. 

The association between high NLR and poor prognosis is 
probably complex and largely unclear, but there are several 
possible explanations. 

High neutrophil count has been associated with poor survival 
in patients with many types of cancer [7-12], and although the 
cause is not completely understood, a multifactorial process 
has been hypothesized [9] . First, neutrophils may inhibit the 



immune system. In support of this notion, neutrophils suppress 
the cytolytic activity of lymphocytes, natural killer cells, and 
activated T-cells upon coculture of neutrophils and lymphocytes 
form normal healthy donor [12]. The tumor-associated neutro- 
phils, via their enzymatic action, also promote remodeling of 
the extracellular matrix, which results in the release of basic 
fibroblast growth factor, migration of endothelial cells, and the 
dissociation or tumor cells. In addition, neutrophil-derived 
reactive oxygen species further decrease the adhesion-promot- 
ing properties of the extracellular matrix and, via activation 
of nuclear factor (NF)-kB, inhibit apoptosis of the tumor cells. 
These events finally result in enhanced angiogenesis, tumor 
growth, and progression to a metastatic phenotype. In breast 
cancer, it has been show that neutrophil-derived oncostatin M 
signals human breast cancer cells to secret VEGF and increases 
breast cancer cells detachment and invasiveness [13]. 

On the other hand, a low lymphocyte count has been asso- 
ciated with poor outcomes in patients with advanced cancer 
attributed immunity with destruction of host cancer cells [14]. 
It is plausible that host cell-mediated immunity continues to 
exert important effects on destruction of any residual tumor 
cells and micrometastases [15] . Tumor infiltration by lympho- 
cytes has been reported to indicate the generation of an effec- 
tive antitumor cellular immune response, and increased lym- 
phocyte infiltration correlated with a belter prognosis [ 12] . 

Based on these findings it is likely that a high NLR correl- 
ates to poor prognosis and further investigation in its role is 
warranted. 

Our study also focused on NLR and its prognostic implica- 
tion on intrinsic subtype. Our results show elevated NLR to 
be significantly associated with poorer prognosis for the lumi- 
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nal A subtype. The HER2 enriched, triple-negative breast can- 
cer (TNBC) tumors are known to have poor tumor biology 
compared with the luminal A subtype [16-18]. Thus, luminal 
A subtype may be more influenced by its microenvironment 
than tumors with HER2 enriched, TNBC which may be less 
susceptible to its environment. There are studies on ER posi- 
tive breast cancer and the effects of microenvironment sup- 
porting this theory [19]. A large prospective study on hor- 
monal therapy and its influence on breast cancer incidence 
also suggests that luminal A subtypes are more influenced by 
microenvironment than other types [20-22]. Further studies 
into the precise mechanism in which NLR exerts its effect, es- 
pecially in luminal A subtypes, are needed. 

In conclusion, patients with an elevated pretreatment NLR 
showed poorer disease-specific survival than patients without 
elevated NLR, especially in luminal A subtype. The routine 
preoperative workup is available nearly universally and adds 
no additional costs, in comparison to the more sophisticated 
and costly technologies. Further validation work and feasibil- 
ity study are required before the results of this study can be 
considered for clinical use. 
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